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Simulation of the Oligomerization Pathway for Different Alloforms of the
Amyloid Beta Protein Related to Alzheimer’s Disease
Se´bastien Coˆte´, Rozita Laghaei, Philippe Derreumaux, Normand Mousseau.
Numerous recent experimental studies suggest that oligomers of amyloid beta
protein (Ab) are the principal neurotoxic agents in Alzheimer’s disease. In
fact, these oligomers interact with receptors, metal-ions, cell membrane
and synapses causing neuronal dysfunction or even death. They also have
the ability to form pores disrupting neurons homeostasis. Details of these
mechanisms remain largely unknown at the molecular level and clearly struc-
tural information on these oligomers would provide crucial breakthrough in
the understanding of their neurotoxicity. Yet, it is difficult to isolate specific
Ab oligomers and characterize their morphologies experimentally since they
are prone to aggregation and they exist in equilibrium with monomers, fibrils
and other orders of oligomers. Thus, to complement experimental results, nu-
merical simulations are used to get insights on the molecular mechanisms of
Ab aggregation. We present our results on the amyloid beta monomer and
dimer using an efficient simulation protocol that is introduced in details.
We study specifically three alloforms of Ab: Ab1-40, which is less prone to
aggregation; Ab1-42, which is more toxic; and Ab1-40(D23N), which is a sin-
gle point mutation causing early onset Alzheimer’s disease. Our results,
which are in good agreement with experiment and help understand a number
of observations, show that small variation in the sequence results in important
morphological changes related to the different oligomerization pathways of
these alloforms.2168-Pos Board B154
Protein Stability at a Carbon Nanotube Interface
Subramanian Vaitheeswaran, Subramanian Vaitheeswaran,
Angel E. Garcia.
The interactions of proteins with solid surfaces occur in a variety of situations.
Motivated by the many nanoengineering applications of protein-carbon nano-
tube hybrids, we investigate the conformational transitions of hen egg white ly-
sozyme adsorbed on a carbon nanotube. Using a C-alpha structure based model
and replica exchange molecular dynamics, we show how the folding/unfolding
equilibrium of the adsorbed protein varies with the strength of its coupling to
the surface. The stability of the native state depends on the balance between
the favorable entropy and unfavorable enthalpy change on adsorption. In the
case of a weakly attractive surface when the former dominates, the protein is
stabilized. In this regime, the protein can fold and unfold while bound to the
surface. With increasing surface attraction, the unfavorable enthalpic effect
dominates, and the native state is destabilized; the protein folds only when it
is unbound. At the highest surface coupling, the entropic penalty of folding
vanishes, and a folding intermediate is strongly stabilized. The beta-domain
of lysozyme remains fully structured in this intermediate. This work has
been supported by the National Science Foundation (Grants MCB-0543769
and DMR-0117792).2169-Pos Board B155
Studying the Stabilizing Effects of the W-WTG Capping Motif for Short
Beta Hairpins by Replica Exchange Molecular Dynamics
Camilo A. Jimenez-Cruz, A.E. Garcia.
The folded/unfolded equilibrium and the stabilizing effects of the W-WTG
capping of the short peptide Ac-WVSINGKKIWTG-NH2 were studied in
explicit aqueous solution by a Replica Exchange Molecular Dynamics
(REMD) simulation using the Amber99SB forcefield and TIP3P water
model. This peptide contains the Trp-Trp capping motif for beta hairpins
and sheets recently proposed by Andersen et al[1], and was reported remark-
ably stable experimentally. The replicas were started from an unbiased to-
tally extended conformation and sampled the system for a total time of
about 10 micro seconds at 40 different temperatures. Free energy landscapes
of the system showed high preference for beta hairpin conformations at
lower temperatures with populations greater than 80%, allowing us to pos-
tulate a native structure candidate for the system and to describe the thermo-
dynamics of the system.
This work has been supported by the National Science Foundation (Grant
MCB-0543769).
[1] Stabilizing capping motif for b-hairpins and sheets; Brandon L. Kier, Irene
Shu, Lisa A. Eidenschink, and Niels H. Andersen; PNAS 2010 107 (23) 10466-
10471;Virus Structure & Assembly
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Contrast Variation SANS Study of DNA Packaging in Bacteriophage l
Steven C. Howell, Xiangyun Qiu.
The elegant physical structure of viruses has attracted wide-spread interests
from structural biologists, biophysicists, and mathematicians. While the protein
capsids of viruses posses the nearly universal quasi-equivalence of icosahedral
symmetry, the configuration of viral DNA/RNA genome appears less struc-
tured and is still poorly understood. Here we report a contrast variation small
angle neutron scattering (SANS) study of bacteriophage l to probe the spatial
organization of its dsDNA genome. Contrast variation SANS takes advantage
of the different scattering lengths of protein and DNA, and can experimentally
match the protein contrast so as to measure the DNA structure alone. Together
with the known structure of the protein capsid, SANS data at different H/D ra-
tios offer the opportunity for extensive structural modeling. Furthermore,
knowledge of DNA configuration in bacteriophage l impinges directly on
the physics of pressurized DNA packaging known to drive the initial DNA ejec-
tion when infecting bacteria. Multivalent cations were used to modulate the in-
ternal DNA pressure, and the induced structural changes were measured by
contrast variation SANS. We compare the various DNA packaging models pro-
posed in the literature and discuss their consistencies and discrepancies with ex-
perimental data.
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Mapping the Lengths of DNA Inside Partially Ejected Bacteriophage l
David G. Thomas, Donald C. Rau, Xiangyun Qiu.
Pressurized DNA storage and pressure-driven DNA ejection in bacteriophage
lambda provide an attractive model system for investigating DNA packaging
in tight spaces. Moreover, lambda phage holds therapeutic promise as an alterna-
tive to antibiotics and vehicle for gene delivery. A wide variety of experimental
and theoretical tools have been employed to interrogate DNA mechanics in
lambda phage. Normally triggered ejection leads to loss of all DNA from the
phage head; partial DNA ejection can be achieved by either counteracting the
DNA pressure with external osmotic pressure or reducing the DNA-DNA repul-
sion with multivalent cations. Our objective in this study was to systematically
map the lengths of DNA left inside partially ejected lambda phage. We deter-
mined the expected length of DNA inside the phage by monitoring the amount
of ejected DNA with UV spectroscopy and assayed the actual length left directly
with field-inversion gel electrophoresis. Previously used experimental methods,
such as UV spectroscopy, were examined and used to assess the results from our
modified protocols. Surprisingly, we found that lengths of retained DNA were
concentrated around multiple specific lengths rather than the single equilibrium
length that would fit thermodynamic models of DNA packaging in lambda
phage. These DNA lengths occurred at regular intervals and highlighted unex-
pected conformational variants, sequence specific interactions, or discontinuities
in DNA packaging. Structurally relevant patterns were observed when cobalt
hexamine, magnesium chloride, spermine, and bis(ethyl) spermine were used
as counterions. Taken together, our results show that thermodynamic models
of DNA packaging in lambda phage need to be reevaluated to account for the
size specific ejection that has been observed in our study.
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Investigating a Novel Toroid-Shaped DNA Structure Found in Mature
Bacteriophage 429
Andrew D. Hirsh, Maryna Taranova, Todd D. Lillian, Troy A. Lionberger,
Ioan Andricioaei, Noel C. Perkins.
While the typical viral genome is several kilobases long, it is packed to near
crystalline density within a viral capsid only tens of nanometers in diameter.
In the case of bacteriophage429, this enormous compaction results from strong
molecular motors that generate forces of approximately 100 pN. Recently,
a three-dimensional cryo-electron microscopy reconstruction of mature 429
was published. An intriguing feature in the reconstruction is a 60A˚ diameter to-
roidal DNA supercoil, estimated to be only 30-40 base pairs in length, within
the cavity formed by the connector and the lower collar. The function of this
highly-bent DNA, remains unknown. In this study, we use an elastic rod model
to simulate the DNA inside the cavity. We learn that as more DNA is pushed
into the capsid, compressive forces build until a critical load is reached and
the DNA ‘buckles’ to fill the cavity thereby forming the toroidal supercoil ob-
served in the reconstruction. We estimate the energy, forces, and torques re-
quired to form this toroidal DNA inside the cavity. Based on these results,
we propose possible biological functions of this intriguing structure.
